The three pyramids 6f Giza are situated a few miles southwest of Cairo, Egypt. The two largest pyramids stand within a few hundred meters of each other. They were originally of almost exactly the same height (145 meters), but the Great Pyramid of Cheops has a slightly larger square base (230 meters on a side) than the Second Pyramid of Chephren (215.5 meters on a side). A photograph of the pyramids at Giza is shown as Fig. 1 . Figure 2 shows the elevation cross sections of the two pyramids and indicates the contrast in architectural design. The simplicity of Chephren's pyramid, compared with the elaborate structure of his father's Great Pyramid, is explained by archeologists in terms of a "period of experimentation," ending with the construction of Cheops's pyramid (1) . (The complexity of the internal architecture of the pyramids increased during the Fourth Dynasty until the time of Cheops and then gave way to quite simple designs after his time.)
An alternative explanation for the sudden decrease in internal complexity from the Great Pyramid to the Second Pyramid suggested itself to us: perhaps Chephren's architects had been more successful in hiding their upper chambers than were Cheops's. The interior of the Great Pyramid was reached by the tunneling laborers of Caliph Ma-
The authors are affiliated with the Joint Pyramid Project of the United Arab Republic and the United States of America. They reside either in Cairo, United Arab Republic, or in Berkeley, California. The article is adapted from an address presented by Luis W. Alvarez at the Washington Meeting of the American Physical Society, 30 April 1969. 832 mun in the 9th century A.D., almost 3400 y'ears after its construction. Of our group only Ahmed Fakhry (author of The Pyramids, professor emeritus of archeology, University of Cairo, and member of the Supreme Council of Archeology, Cairo) was trained in archeology. As laymen, we thought it not unlikely that unknown chambers might still be present in the limestone above the "Belzoni Chamber," which is near the center of the base of Chephren's Second Pyramid, and that these chambers had survived undetected for 4500 years. [ We learned later that such ideas had occurred to early 19th-century investigators (2) , who blasted holes in the pyramids with gunpowder in attempts to locate new chambers.]
In 1965 a proposal to probe the Second Pyramid with cosmic rays (3) was sent to a representative group of cosmic-ray physicists and archeologists with a request for comments concerning its technical feasibility and archeological interest. The principal novelty of the proposed cosmic-ray detectors involved their ability to measure the angles of arrival of penetrating cosmicray muons with great precision, over a large sensitive area. The properties of the penetrating cosmic rays have been sufficiently well known for 30 years to suggest their use in a pyramid-probing experiment, but it was not until the invention of spark chambers with digital read-out features (4) that such a use could be considered as a real possibility. [Cosmic-ray detectors with low angular resolution had been used in 1955 to give an independent measure of the thickness of rock overlying an underground powerhouse in Australia's Snowy Mountains Scheme (5) Detection of the northeast and southwest corners of the pyramid obtained by plotting the second differences of the counting rate on the planes tangent to the corners as a function of distance from the corners.
for Fig. 3 , which shows the variation of cosmic-ray intensity with azimuthal angle (compass direction). The expected rapid changes in cosmic-ray intensity in the vicinity of the corners were clearly shown, and the capability of the method could no longer be doubted. An analysis of more data was later made on the Lawrence Radiation Laboratory's CDC-6600 computer and is shown in Fig. 4 to determine the location of the detector with respect to the exterior features of the pyramid.
1) The difference in the maximum counting rate through the east and west faces gives the displacement of the detector toward the east, and similar measurements in the north-south directions give the displacement to the north.
2) The azimuthal angles of the dips corresponding to the corners give a second, quite independent, and more sensitive measure of the displacements. We can report that from cosmic-ray observations alone, "looking through" 100 meters of limestone, we can locate the position of our detectors to within 1 meter. To the best of our knowledge, no such measurement has ever been made before. Our cosmic-ray-derived position agrees to within less than 1 meter in the north-south direction with a recently surveyed position obtained by the U.A.R. Surveying Department, but it differs by 2 meters (that is, it indicates 13.5 rather than 15.6 meters) in the east-west direction.
Simulated X-ray Photographs
We have presented the cosmic-ray data in two different ways, one photographic and the other numerical. Both these methods involve the projection of each recorded muon back along its trajectory to its intersection with either a horizontal plane or a sphere that touches the peak of the pyramid. Figure  5a is a diagram representing the Second Pyramid with the horizontal "film plane" touching the peak of the pyramid and with a dashed line (representing the path of a cosmic ray) passing from the detector through a hypothetical chamber to the image of the chamber on the "film plane." (The mapping of the pyramid structure by this technique is identical to what we would obtain by x-raying a small model of the pyramid, with an x-ray source in the Belzoni Chamber and with an x-ray film touching the peak of the model pyramid.) Figure Sb represents the spherical shell onto which cosmic rays were projected for numerical analysis. Figure 6 is a view of all the equipment, which occupied most of the southeastern part of the Belzoni Chamber. Figure 7 is a closer view of the detector. The two spark chambers, each 6 feet (1.8 meters) square, are separated vertically by a distance of 1 foot (0.3 meter). Above and below the spark chambers and just above the floor level were scintillation counters, which triggered the spark chambers when all three counters signaled the passage of a penetrating muon. The 4 feet (1.2 meters) of iron between the bottom two scintillators was installed to minimize the effects of muonscattering in the limestone.
The simulated x-ray photograph of the pyramid shown in Fig. 13a is an uncorrected (raw data) scatter plot of 700,000 recorded cosmic-ray muons as they passed through the "film plane. Numerical Analysis
We concluded from our study of the simulated x-ray picture that no unexpected features were discernible. But since we had been looking for an increase in intensity of approximately 10 percent over a region larger than that to which the eye responds easily, we then turned to a more detailed numerical analysis of the data. (The reason for expecting a 10 percent increase in intensity in the direction of a new chamber is simply that the integral range spectrum of the muons is represented by a power law with an exponent equal to -2. Therefore, if the rock thickness is changed by an amount AX, out of an original thickness X, the relative change in intensity is Al/I = -2AX/X. The four known chambers in the two large pyramids have an average height of about 5 meters. Therefore AX/X should be -5 percent, and the corresponding value of AI/I should be +10 percent. ) Since the counting equipment was sensitive out to approximately +45 degrees from the vertical, our data were plotted in a matrix with 900 entries, 30 X 30 bins, each 3 by 3 degrees. Figure 5b illustrates this system of binning on a sphere that encircles the pyramid. We wrote a computer program to simulate the counting rate expected in each of these bins. As the simulation program became more sophisticated with time, it took into account the most detailed features of the measured exterior surface of the pyramid, including the "cap" of original limestone casing blocks near the top, the surveyed position of the detectors in the Belzoni Chamber, the positions of the walls and ceiling of the Belzoni Chamber, and the sizes and positions of each of the four spark chambers and the fourteen scintillation counters.
An important control on the quality of the experimental data being compared with the simulated data came from scatter plots showing the exact x and y coordinates of each riecorded Fig. 6 (left) . The equipment in place in the Belzoni Chamber under the pyramid. Fig. 7 (right) . The detection apparatus containing the spark chambers. 3.-1 -3.
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Conclusions
To be sure that we could have detected a chamber of "average size" above the Belzoni Chamber, we programmed the computer to believe that its simulated pyramid had such a chamber filled with material whose density was twice that of limestone. The program then predicted that fewer muons than usual would come from the direction of the "chamber," so that the difference matrix showed positive numbers, as expected for a hollow chamber in the real pyramid and a pyramid of uniform density in the simulator. Figure  11 shows what we would have seen had there been a King's Chamber 40 meters above the Belzoni Chamber. (The scattering of muons in the rock is simulated by the computer.) If the King's Chamber were moved farther away, the angular width of the region having an excess of counts would drop inversely with distance. We have no doubt that we could detect a King's Chamber anywhere above the Belzoni Chamber within a cone of half-angle 35 degrees from the vertical. If the Second Pyramid architects had placed a Grand Gallery, King's Chamber, and Queen's Chamber in the same location as they did in Cheops's Pyramid, the signals from each of these three cavities would have been enormous. We therefore conclude that no chambers of the size seen in the four large pyramids of the Fourth Dynasty are in our "field of view" above the Belzoni Chamber.
We started by using two methods of analysis, one photographic and the other analytic. By itself the photographic method was unsatisfactory, because effects due to the apparatus itself were so large that they obscured any effects from the pyramid. Although the analytic method could succeed because it was able to take these instrumental effects into account, it was necessary to "invent" a north-south variation in sensitivity to obtain success. By combining the two methods of analysis, it is possible to obtain the sensitivity of the analytic method in a photographic simulation. The combined method consists of plotting the ratio of the observed number of events to the predicted number, using bins that are about 0.15 by 0.15 degrees. Figure 13 shows three such scatter plots for the data in the cone of 35-degree halfangle centered on the vertical. Plot 13b corrects for instrumental effects but does not take into account the fact that the instrument is covered by a pyramid. The corners of the pyramid are clearly indicated in it. The next scatter plot (Fig. 13c) further corrects for the presence of the pyramid with all its surface irregularities. Figure 13d shows what we would have seen if a "King's Chamber" had been in the pyramid, a chamber the same in size and location as that used to obtain Fig. 11 . It is evident that no effect in the data approaches the magnitude of the effect produced by a King's Chamber.
We have explored 19 percent of the volume of the Second Pyramid. We now hope to rearrange the equipment so that we can look through the remaining 81 percent of the volume of the pyramid. This operation will be greatly simplified by our new understanding of the effects of muon scattering on angular resolution. It is now apparent that the iron absorber was not necessary for the success of the experiment, and we will omit it in the rebuilt apparatus. Rotation of the detectors about the vertical will thus be facilitated, and the possibility of "x-raying" some of the other large pyramids will be enhanced.
Summary
Because there are two chambers in the pyramid of Chephren's father (Cheops) and the same number in the pyramid of his grandfather (Sneferu), the absence of any known chambers in the stonework of Chephren's Second Pyramid at Giza suggests that unknown chambers might exist in this apparently solid structure. Cosmic-ray detectors with active areas of 4 
